Most studies of mammalian vascular smooth muscle cell mechanics and pharmacology have relied upon data from intact tissue preparations. The purpose of this study was to determine how single mammalian vascular smooth muscle cell pharmacological sensitivity to histamine and force development compared to the intact tissue from which it was derived. Thus, techniques were developed for isolating large numbers (5 X 10 5 cells/ml) of cells from bovine carotid arteries. Single cells were spindle-shaped with dimensions of 117 ± 11 (SE) nm in length by 7 ± 1 (SE) nm in diameter (n = 27). The effect of histamine concentration on cell length was studied in suspensions of freshly isolated cells. Histamine concentration-response curves revealed that single smooth muscle cells shortened to histamine concentrations in a graded fashion, and that shortening was mediated through histamine Hi receptors. The threshold for 10% of maximum response occurred at 8.0 X 10~n M histamine. This threshold was at least three orders of magnitude lower than the threshold for 10% of maximum tension in the intact tissue under isometric conditions. In addition to cellular pharmacology, mechanical studies were performed by tying a single cell to an ultrasensitive force transducer. Active stresses of 0.5 ± 0.1 X 10 5 N/m 2 (« = 4) were measured in response to electrical stimulation for cells in low extracellular calcium (0.5 ITIM). These data suggest that histamine sensitivity and smooth muscle cell mechanics may best be determined in single cell studies that minimize diffusional barriers to agonist and avoid intercellular interactions that are present in the intact tissue. (Circ Res 58: 399-406, 1986) 
MOST studies of mammalian vascular smooth muscle cell (SMC) mechanics (Murphy, 1980) and pharmacology (Bolton, 1979) have relied upon data obtained in whole artery preparations. These studies have been instrumental in the basic characterization of vascular smooth muscle function. However, extrapolating individual cellular pharmacological or mechanical responses from whole tissue data is complicated by the large muscle cell population within the artery which is embedded in a dense connective tissue matrix. For example, exogenous agonist concentration at cellular sites within the artery is influenced by diffusional barriers associated with the extracellular matrix. In addition, other cellular components within the wall [e.g., nerves and endothelial cells (Furchgott and Zawadzki, 1980) ] can modulate SMC contractile responses. To avoid the interpretive complexities associated with multicellular preparations, it is desirable to isolate single vascular SMC from intact blood vessels, thus allowing direct assessment of cellular mechanics and pharmacology.
The pharmacological and mechanical properties of nonvascular SMC isolated from several tissue sources have been studied either immediately upon isolation (Bagby et al., 1971; Fay and Singer, 1977; Momose and Gomi, 1978; Bitar et al., 1979; Iishi and Takahashi, 1982; Sinback and Shain, 1982; Warshaw and Fay, 1983) or after establishment in tissue culture (Chamley-Campbell et al., 1979) . Mammalian vascular SMC function has been studied by the latter technique (Hermsmeyer, 1976) ; however, the results of these studies may be complicated by cell modulation in culture (Kocher et al., 1984) . To date, the study of freshly isolated single mammalian vascular SMC has been quite limited (Ives et al., 1978; Van Dijk and Laird, 1984; DeFeo and Morgan, 1985) . The isolation techniques used in these previous studies either severely traumatized the cells or did not yield significant numbers of viable SMC. Therefore, we sought to determine the most appropriate method for isolating large numbers of viable single mammalian vascular SMC. In this report, we describe for the first time the force development and pharmacology of single vascular SMC from bovine carotid artery and compare these responses to those of the intact tissue. Results suggest that the single vascular SMC preparation may uncover significant differences in the pharmacological sensitivity to histamine, compared to the intact tissue from which it was derived.
Methods

Isolation Procedure
Our method is a modification of the techniques described by Van Dijk and Laird (1984) and Chamley et al. (1977) . Intact segments (7 cm long) of bovine carotid arteries were cleaned of loosely connected tissue, and all visible artery branches were tied. One end of the segment was tied off with suture. The other end was tied snugly around a Pasteur pipette filled with physiological salt solution (PSS). The fluid in the pipette was used to pressurize the vessel, thus testing for leaks. If any leaks were detected that could not be tied off, the artery segment was discarded and a new segment was prepared. If no leaks were detected, the pipette then was removed and the solution was blotted from within the artery. A 10-ml syringe containing a solution of elastase and 'collagenase was inserted in the open segment end, and the suture was tied securely around the hypodermic tubing (20 gauge). The artery then was inflated until visibly distended. As the syringe was slowly removed from the artery lumen, the suture knot was quickly tightened to prevent loss of pressure. We found that suture knots were less susceptible to pressure loss as compared to segment ends cannulated with three-way stopcocks. The inflated segment was then placed in a stoppered 125-ml Erlenmeyer flask with enough PSS to cover the vessel. The flask was then placed in a shaking water bath (30 rpm) at 37°C for 90 minutes. After the initial incubation, the enzyme solution, which released numerous endothelial cells, was removed by cutting open a tied segment end. A new suture tie was fastened securely around a syringe needle, as described above, and the artery was reinflated with fresh enzyme solution. The segment was returned to its flask and incubated for another 90-minute period. After the second incubation, one end was cut open and the enzyme solution drained from the lumen. At this time, a 2.0-mI pasteur pipette filled with low calcium (0.5 min) PSS was inserted into the segment's open end. A loose but snug suture knot was tied around the artery and pipette. The PSS then was gently pumped several times in and out of the vessel segment. The filled pipette was withdrawn, and the solution containing the SMC was placed in a stoppered 10ml test tube. The pipette then was refilled with low calcium PSS, and the extraction procedure was repeated. Since enzyme-free low calcium PSS was used, the final enzyme concentration in the isolate was minimal. This procedure yielded an exceptionally high density of cells (5 X 10 5 /ml) (see Fig. 1 ), thus obviating the need for concentrating cells by centrifugation.
PSS had the following millimolar concentrations: NaCl, 119.0; KC1, 4.70; MgSO 4 , 1.17; KH 2 PO 4 , 1.18; NaHCO 3 , 24.0; CaCl 2 , 1.60; glucose, 5.50. The enzyme solution was composed of low calcium (0.5 mM) PSS to which the following constituents, obtained from Sigma Chemicals had been added: collagenase type I, 500 U/ml; elastase type III, 50 U/ml; DNase 60 U/ml; bovine serum albumin, 1.5%; soybean trypsin inhibitor, 0.1%; disodium adenosine triphosphate, 4.0 mM; isoproterenol, 1.0 PM; amino acid standard, 1.3%. The solutions were gassed with 95% O 2 /5% CO 2 to pH 7.4.
A specific test for cell membrane integrity was the cell's ability to exclude a 0.1% trypan blue vital dye solution (Tennant, 1964) . In our preparation, 80-90% of the population excluded dye as visualized through a light microscope, thus confirming that these cells possessed intact cell membranes. This range of dye exclusion has been observed in 30 successful isolations out of the 38 total isolations attempted to date. The cells that excluded dye appeared long and spindle-shaped, in contrast to the remaining 10-20% which were "ghost-like" (i.e., translucent) or highly contracted. Isolated cells were viable for Circulation Research/Vol. 58, No. 3, March 1986 48 hours at 20°C as long as antibiotics (gentamycin sulfate, 0.8 fig/m\) were added to the cell suspension. Although cells remained viable for 48 hours, all studies reported were performed within 2 hours after isolation at 37°C except for the single cell force measurements which were at 20°C.
Single Cell Pharmacological Studies
Immediately after cell isolation, sufficient amounts of a given drug were added to an aliquot of cells (90 n\) to yield a desired final concentration, and the cell suspension was mixed by gentle agitation. After exposure to the drug for a predetermined time, glutaraldehyde (2.5% final concentration) was added to the cell suspension. The addition of fixative did not cause contraction, and thus ensured immediate fixation of all cells, preventing any further changes in cell length. Cells then were transferred to a microscope slide and their dimensions were recorded at 400X with a computer-assisted light microscopic image analyzer. To ensure uniform sampling of the population, at least 50 cells per treatment were measured and a cell length histogram was constructed (see Fig. 4A ). Less than 20% of the isolated cells were obviously hypercontracted (<30 /tm cell length) due to isolation trauma, and thus were not counted in both treated and controls to avoid any undue skewing of the length histograms. The means and standard deviations calculated from these histograms were then compared. The following agonists were tested: rf,/-norepinephrine hydrochloride (Sigma), prostin F 2o (Upjohn), 5-hydroxytryptamine creatinine sulfate (Sigma), and histamine dihydrochloride (Sigma). In addition, the following histamine antagonists were studied: cimetidine hydrochloride (SK&F Research Labs) and pyrilamine maleate (Sigma).
Intact Artery Concentration-Response Studies
Pharmacological studies of intact cylindrical segments (2 mm long) of bovine carotid artery were performed by mounting segments on a myograph, using two stainless steel rods (1.3 mm in diameter) passed through the artery lumen. One rod was attached to a Grass FT03 force transducer, while the other rod was attached to a micrometer which allowed precise control of artery circumference. After equilibration at 37°C in PSS, artery circumference was increased in 10% increments, thus allowing a passive tensionxircumference characteristic to be determined. Using Laplace's Law and the measured passive tensionxircumference curve, the artery was set to an effective circumference equal to that expected for 100 mm Hg (Mulvany and Halpern, 1977) . We generated histamine concentration-response curves by adding a given concentration of histamine to the bath and allowing the artery to generate steady state tension (approximately 10 minutes) before adding the next histamine concentration.
Single Cell Force Recordings
The minute dimensions and lack of tendenous connections of SMC make direct recording of single vascular SMC force production much more challenging than similar measurements in skeletal muscles. The apparatus for measuring minute forces in these cells was similar to that previously described by Warshaw and Fay (1983) . In brief, a single cell was attached at both ends to special microprobes (see Fig. 5A ) which, in turn, were attached to a force transducer (0.01 ^N resolution, natural frequency = 350 Hz) and length controller. Previously, amphibian SMC were attached electrostatically to charged anionic exchange resin beads glued to the ends of the microprobes. However the vascular SMC would not adhere to similarly treated beads; therefore, the beads were dipped in a 0.85% fibronectin (Sigma) solution. The vascular cells adhered strongly to these beads. However, to prevent cell slippage upon contraction, a knot as previously described for amphibian cells (Warshaw and Fay, 1983 ) was tied at both ends of the cell with micromanipulators. Once the knots were tied and securely fastened, the cell was stimulated to contract by application of electrical field stimulation through two platinum paddles that straddled the cell.
Statistics and Cell Length Histogram Analysis
Considerable variation in cell length was observed both in control and treated cell populations. Therefore, cell length histograms were characterized in detail so that agonist-induced changes in cell length could be compared among different cell samples.
Cell length histograms were analyzed using two statistical packages, MIN1TAB (1985) and BMDP (Engelman, 1981) , available on our university DEC-20 system. Normal probability plots were used to determine whether the data were normally distributed. Normality was tested using the correlation coefficient of the probability plots. Significance was determined by Shapiro-Wilk test (1965) , in which a high correlation is consistent with normality. Second, the shapes of the histograms were analyzed for skewness and kurtosis (i.e., an indication of the extent of length variation). A significant positive skewness value indicates a tail at long lengths and the opposite for significant negative values. A kurtosis value significantly greater than zero indicates a distribution of lengths that is longer-tailed than normal.
All results are presented as means ± 1 SE unless noted otherwise.
Results
Single Cell Morphology
Following isolation, most of the cells appeared relaxed (see Figs. 1, 2A, 3A) . They had a spindle shape with resting cellular dimensions, 117 ± 11 nm long by 7 ± 1 ^m (n = 27) in diameter, in low calcium PSS. When cells were suspended in normal calcium PSS, mean cell lengths were, on average, 8% shorter, but were not statistically different. The surface membrane of relaxed cells appeared smooth with collagen fibrils still attached ( Fig. 2A ). The cell ends had numerous finger-like projections ( Fig. 2A ). This region may anchor cells within the connective tissue matrix (Gabella, 1977) or interdigitate with adjoining SMC. In contrast to the smooth appearance observed in relaxed cells, contraction to pharmacological agonists resulted in a highly evaginated surface (see Fig. 2B ). Similar observations have been reported in other isolated cells (Fay et al., 1975) , as well as in intact tissue (Pease and Molinari, 1960) . Fay et al. (1975) proposed that these evaginations result from force which might be exerted at discrete points along the membrane by intracellular contractile units attached to membrane dense plaques.
Pharmacological Responses
Vascular smooth muscle membranes have receptors for various agonists (Bolton, 1979) . Although many agonists were of interest, we challenged the isolated cells with the following drugs to determine whether cells retained their responsiveness to these agonists: norepinephrine, serotonin, prostin F2 a , and histamine (see Table 1 ). Since cells shortened in (52) Results are expressed as means ± SE. Numbers in parentheses equal the number of cells.
* Cells were exposed to agonist for 20 minutes before fixation with glutaraldehyde. For comparison, control populations of cells not exposed to agonist were fixed also after 20 minutes.
f Percent length change was calculated as [(change in cell length)/(control length)] X 100). response to all agonists tested, we believe that receptors for these agonists remained, following the isolation procedure.
To characterize SMC receptor function in greater detail, we chose to study the effect of histamine concentration on isolated cell shortening. The effect of 10 HM histamine on a field of isolated cells is seen in Figure 3 . Note that all cells respond to histamine with a similar time course and extent of contraction (mean = 38% of cell length), regardless of the cell shape. Although, with the use of photographic images of fields of single cells, important questions can be addressed, this method of recording cell shortening is time consuming. Thus, we determined length histograms of cell populations with a microscopic image analyzer, and used them as a means of detecting cellular length changes (Fig. 4A) .
The cell length histograms were analyzed for normality, skewness, and kurtosis. Normal probability plots exhibited high correlation coefficients for both Circulation Research/Vol. 58, No. 3, March 1986 normal and histamine-treated cells (control, r = 0.99, P < 0.01; histamine, r = 0.99, P < 0.01). In addition, histogram skewness (i.e., histogram symmetry about the mean) was not significant in either control or treated cells (skewness coefficient: control, 0.14 ± 0.61; histamine, 0.07 ± 0.64). Thus, cell lengths in controls were symmetrically distributed about the mean cell length and this symmetry remained unchanged with histamine exposure. Histogram kurtosis values (i.e., extent of cell length variation) were similar for controls and histamine-treated cells (controls, -1.20; histamine, -1.18). These data suggest that cell populations possessed lengths that were normally distributed, and that upon treatment the histogram shape was unchanged. It is important that these histograms be compared to cell length histograms recorded from the intact artery to determine whether the isolated cell length variability reflects the normal distribution within the tissue or an artifact of the isolation. However, these data are not available at the present time.
Cell length histograms were obtained at varying concentrations of histamine between 10~1 0 and 10~3 M. Concentration-response curves were fit by eye to the mean data points. From these curves, the concentrations of histamine that elicited: (1) 10% of the maximum response (threshold concentration), (2) half-maximum, and (3) maximum responses (maximum being 45 ± 5% change in length, n = 7) in the single cells were: 8.0 X 10~n M, 1.6 X 10~6 M, and 1.0 X 10~3 M, respectively. Similar experiments were performed in the intact artery. However, the threshold, half-maximum, and maximum responses were obtained at 4.5 X 10~7 M, 2.0 X 10" 6 M, and 6.3 X 10~5 M, respectively.
Histamine-dependent responses can be mediated (Bolton, 1979) ]. To determine the contribution of histamine H 2 -receptor activation to contractile responses, we generated histamine concentration-response curves (Fig. 4B ) in single cells that had been incubated with 10 HM cimetidine (an H 2 -receptor antagonist). Complementary experiments were also conducted in the intact artery. Treatment of the single cells or the artery with cimetidine did not affect histamine responses in either preparation, suggesting that the observed contractile responses were not mediated or modulated by histamine H 2recfeptor activation. We next considered the effects (histamine, shaded bars) . Time course studies demonstrated that cell shortening in response to histamine was complete within 45 seconds. Therefore, in all experiments, cells were exposed to histamine for at least 2 minutes. Panel B: concentration-response curves for cells (•, n = 7) and the intact artery (D, n = 6) exposed to varying doses of histamine. Cells were also exposed to histamine after 20 minutes of incubation in 10 HM cimetidine (A, n = 3), a H 2 histamine receptor antagonist, or 10 HM pyrilamine (M, n -2), a Hi histamine receptor antagonist. Cimetidine had no effect on concentration-response curves in single cells, whereas pyrilamine totally blocked cell shortening at all concentrations of histamine. Curves were fit by eye. Data points are the means and standard errors of the mean percent maximum response at a given histamine concentration for the n number of experiments listed above. For an individual experiment, mean percent maximum response was calculated by dividing the mean change in cell length at a given concentration of histamine by the maximum mean change in cell length observed in response to histamine. At each concentration, mean cell length was determined from cell length histograms with no fewer than 50 cells.
of histamine Hi-receptor antagonism with pyrilamine (10 /KM). Pyrilamine abolished contractile responses at all histamine concentrations in both single cells and the intact artery. To test for nonspecific inhibitory effects of pyrilamine on cell shortening, we exposed cells to 10 ^M serotonin for 20 minutes after they had been incubated 20 minutes in pyrilamine. Since cell shortening (55 ± 5 % decrease in cell length, n = 59) in response to serotonin was unaltered by pyrilamine, compared to 10 HM serotonin control responses without pyrilamine (54 ± 2%, n = 59), we believe that pyrilamine specifically antagonized histamine Hi-receptors, and that its A 20n.ni B st FIGURE 5. Force measurement in a single vascular smooth muscle cell. Panel A: a single cell was tied between two microprobes and stimulated electrically as previously described for single toad stomach smooth muscle cells (Warshaw and Fay, 1983 inhibitory effects were not the result of a generalized inhibition of cell contractile function.
In studies based upon single SMC, it is important to demonstrate that cells are capable of relaxation following contraction. In a test of the ability of these cells to relax, an aliquot of cells precontracted with 1.0 I*M histamine (cell length = 86 ± 5 /mi, n = 54) was challenged with 10 /XM pyrilamine, which blocked histamine-induced shortening, as mentioned above. After cells were incubated 20 minutes in pyrilamine, lengths (109 ± 5 /mi, n = 56) returned to control measurements (98 ± 6 /mi, n = 52) that were obtained prior to histamine treatment.
Single Cell Force Recordings
A representative trace of force produced by the isometric contraction of a single vascular SMC at 20°C in 0.5 HIM calcium PSS is shown in Figure 5B . Cells generated peak force in 15 seconds. The active force-generating ability per muscle cross-sectional area (i.e., stress) generated by these cells in response to electrical stimulation was 0.5 ± 0.1 X 10 s N/m 2 (n = 4). This value is less than active stress derived from intact vascular tissue (Murphy, 1980) . Note that, after submaximal electrical field stimulation, the cell relaxed. These contractile responses were graded as evidenced by the greater tension development evoked by an increased stimulus strength. These data confirm these cells' ability to generate Circulation Research/Vo/. 58, No. 3, March 1986 reasonable active stresses and relax upon removal of the stimulus.
Discussion
Until recently, the ability to isolate single SMC enzymatically has been limited to cells from either the toad stomach (Bagby et al., 1971; Fay et al., 1975) or mammalian gastrointestinal system (Momose and Gomi, 1978; Bitar et al., 1979; Sinback and Shain, 1982; Obara, 1984) . Recently, reports of successful mammalian vascular SMC isolations have appeared (Ives et al., 1978; Van Dijk and Laird, 1984; DeFeo and Morgan, 1985) . In contrast to these studies, we report an isolation procedure that yields large numbers of cells (5 X 10 cells/ml), of which at least 80% were long and spindle-shaped without evidence of being contracted as a result of the isolation (Figs. 1, 3) . The isolated cells were judged viable by the following criteria: (1) intact cell membranes as evidenced by exclusion of trypan blue dye, (2) little if any shortening when placed in normal physiological saline (1.8 mM calcium), (3) the ability to relax following contraction, and (4) normal histamine membrane receptor function.
The ability of the single SMC preparation to serve as a model to investigate in vitro agonist-response relationships required an assessment of cell receptor function. This was necessary due to possible receptor alteration during the isolation procedure. The ability of these SMC to shorten in response to various agonists (Table 1) suggests that several specific receptor populations were still present and functional following isolation. However, cell shortening in response to a single agonist concentration at most can only suggest the presence of a specific receptor. Therefore, we chose to characterize histamine receptor function in detail by studying the effect of histamine concentration on isolated cell shortening.
Histamine concentration-response curves generated in populations of isolated single cells demonstrated that cell shortening was dependent upon histamine concentration, as was isometric force measured in the intact artery from which the cells were derived (Fig. 4B) . When histamine concentration-response curves were obtained in the presence of antagonists specific for either histamine Hi (i.e., pyrilamine) or H2 (i.e., cimetidine) receptors, only pyrilamine altered histamine responses in both the single cells and the tissue. We believe these data confirm that single cell shortening and intact artery force production are mediated by histamine Hireceptor activation, as previously reported in intact hog carotid media segments (Stein and Driska, 1984) . Therefore, these freshly isolated vascular SMC retain their receptor specificity, and thus may serve as a useful model for in vitro vascular smooth muscle agonist-response kinetics in which diffusional barriers to agonist have been greatly reduced.
A comparison of concentration-response curves from single cells and the intact tissue revealed that the threshold concentration in the single cells was at least three orders of magnitude lower than in the intact artery. A similar observation for norepinephrine sensitivity in cultured vascular SMC compared to the intact artery has been reported (Hermsmeyer, 1976) . Since our methodology isolates cells from the luminal surface first, the apparent increased sensitivity may reflect an inherently more sensitive cell population from the luminal surface compared to the cell population that borders the adventitial surface, de Belder et al. (1983) have demonstrated increased histamine sensitivity of bovine carotid artery smooth muscles that reside on the luminal surface of the media. Alternatively, the lower threshold for isolated cells may be related to the removal of histamine degradation mechanisms or endothelium-related inhibitory effects which exist in the intact artery. However, the lower threshold in single cells may be only an apparent difference, since cell shortening within the intact artery may occur at the same threshold concentration of histamine, but be undetected as force production, due to the compliant extracellular matrix through which force must be transmitted. Although many physiological and pharmacological explanations are possible, it must be emphasized that receptor modification due to the isolation procedure cannot be excluded, and could thus result in increased single cell sensitivity to histamine. If such an alteration has occurred, it may be difficult to determine which step in excitation-contraction coupling has been affected. It will be of interest to determine whether sensitivity is increased for all agonists or for histamine alone.
In contrast to the lower threshold, single SMC required a significantly higher concentration of histamine to achieve maximum response than in the artery segment. This could be explained by the fact that the unrestrained shortening of the single cells (i.e., up to 60% of initial cell length) could result in deactivation of contractile function. Thus, higher concentrations of agonist would be required to elicit a maximum response. This would not be expected to occur in the intact tissue where the SMC within the artery wall would not shorten substantially since artery circumference was held constant. However, we cannot rule out receptor modification during the isolation procedure as a possible explanation.
The differences in histamine concentration-response curves for the single cells and the intact tissue may suggest that pharmacological efficacy which to date has been obtained primarily from isometric concentrations of intact tissue may not accurately reflect the underlying mechanical responses of the single cells, especially when determinations of threshold concentrations are important. This conclusion is based upon comparing concentration-response curves obtained by measuring two different mechanical responses (i.e., free shortening in cells and isometric force in tissue). Although the different methodologies may account for the differences in 405 concentration-response curves for the two preparations, Van Nueten (1980) has determined that similar concentration-response curves are obtained from both isotonic and isometric contractions of rat tail artery. Regardless, the most direct comparison requires that isometric force be recorded in a single cell at varying agonist concentrations. However, at the present time this is beyond our technical abilities.
The histamine concentration-response curves in the single cells were obtained from cell length histograms at each concentration. Using these histograms, we assumed that every cell within the population shortened by the same percentage in response to agonist. Statistical comparison of cell length histograms from control and 10 / XM histamine-treated cells suggests that histogram shape is unaffected by the treatment. Therefore, the entire cell population must be responding uniformly to the agonist at this specific concentration. If this were not the case and, for instance, a subpopulation of cells were not responding, then the histograms would become skewed for histamine-treated cells. If cell populations do respond uniformly at all agonist concentrations, then such data might suggest that each cell responds in a graded manner to varying concentrations of histamine, as reported by Defeo and Morgan (1985) , rather than in an all-or-none fashion. However, the possibility of cellular response heterogeneity at threshold concentrations of histamine has not been excluded and, if present, may account for the single cell's apparent increased sensitivity to histamine as compared to the intact tissue.
In addition to normal pharmacological receptor function and the cells' ability to shorten, another important property of vascular SMC is their ability to generate force and then relax upon removal of the stimulus. No studies to date have reported measuring active force in a single mammalian vascular SMC. These cells generate substantial active force when normalized to muscle cross-sectional area (0.5 X 10 5 N/m 2 ). However, this value is considerably lower than that reported by Dillon and Murphy (1982) for potassium-depolarized medial strips of swine carotid artery [6.7 ± 0.3 (SD) X 10 5 N/m 2 ]. In our study, the lower external calcium concentration (0.5 mM vs. 1.6 mM) and temperature (20°C vs. 37°C), which are known to reduce active force production in smooth muscle (Lowy and Mulvany, 1973; Dillon and Murphy, 1982) , are the most likely causes for the reduced active stress in the single cell. In addition, cells were stimulated at their rest length, which may not have been at their optimum length for active stress generation.
This study demonstrates for the first time that an exceptionally high yield of viable single mammalian vascular SMC can be isolated. In addition, these cells were three orders of magnitude more sensitive to histamine than the intact tissue from which they were isolated. The existence of viable single vascular
